A tropical Engineering Structure that is subjected to loading and offloading is above surface vertical circular tanks. Cylindrical storage Tanks are commonly used in oil and gas industries for storing crude oil, petroleum products, etc. and for storing water in public water distribution systems. Such tanks require periodic surveys to monitor long-term movements and settlements of the foundation or short-term deflection, deformation of the structures and early warning. One of the most effective geometric parameters of circular vertical tanks is determining its out of roundness, distortion and the deformation as a result of age. To ensure the security of civil engineering structures, it is necessary to carry out periodic monitoring of the structures. The deformation monitoring scheme consist of measurements made to the monitored tank from several monitoring stations (occupied stations), which were established around the tanks. This paper attempts to evaluate the monitoring-performance of a reflectorless total station according to loading. For this purpose, the defining parameters of a plane are determined through a least squares estimation, by using 3-Dimensional coordinates derives by the application of the intersection technique.
INTRODUCTION
Technical structures are subject to natural causes and to human interaction that may lead to collapse or structural failure. On the latter occasion the development of an appropriate methodology for the distant structure monitoring is crucial for safety reasons. In order for such occasions to be confronted, engineers are appropriately equipped with instruments capable to cope with the special conditions arising. More specifically, the use of laser technology in surveying instruments' industry led to the development of reflectorless total stations. The instrument category does not require the use of special targets.
Hence, the need for distant monitoring in hazardous or not accessible environments is fulfilled. The problem arising is how accurately engineers can define the position of points or the mathematical equation of a specific surface. Hence, what needs to be certified is whether these instruments meet the high accuracy requirements arising on deformation monitoring occasions, not only examining deformation on the spot but also through changes of the surface equation parameters.
It is necessary to model the structure of oil storage tank by using well-chosen discrete monitoring points located on the surface of the structure at different levels which, when situated correctly, accurately depict the characteristics of the structure.
Any movements of the monitoring point locations (and thus deformations of the structure) can be detected by maintaining the same point locations over time and by performing measurements to them at specified time intervals. This enables direct point displacement comparisons to be made. A common approach for this method is to place physical targets on each chosen discrete point to which measurements can be made. However, there are certain situations in which monitoring the deformations of a large structure using direct displacement measurements of targeted points is uneconomical, unsafe, inefficient, or simply impossible. The reasons for this limitation vary, but it may be as simple as placement of permanent target prisms on the structure is too difficult or costly.
To obtain the correct object point displacements (and thus its deformation), the stability of the reference stations and control points must be ensured. The main conclusion from the many papers written on this topic states that every measurement made to a monitored object must be connected to stable control points. This is accomplished by creating a reference network of control points surrounding a particular structure. 
METHODOLOGY
To develop a reliable and cost effective monitoring system of any of the storage oil tanks, deformation monitoring scheme consisted of measurements made to the tanks from several monitoring stations (occupied stations), which are chosen in the area around the tank, that are referred to several reference control points. The geodetic instruments are setup at these monitoring stations (occupied stations) and observations carried out to determine the coordinates of monitoring points on the tank surface.
The circular cross section of the oil storage tank is divided into several monitoring points distributed to cover the perimeter of this cross section. These monitoring points are situated at equal distances on the outer surface of the tank. The (stud) points are fixed, with each stud carrying an identification number and made permanent throughout the life of the tank. The purpose is to maintain the same monitoring point during each epoch of observation.
To determine the coordinates of occupied stations around the monitored oil storage tank, traverse network was run from the control points around the vicinity of the tank to connect the bench marks used for the monitoring.
Three control points (BM2A, BM2B and BM2C) with known coordinates were fixed around the tank. Eight occupied stations (PEG1, PEG2, …, PEG11) were established. To determine the coordinates of the eight occupied stations, a closed loop traverse was designed around tank № 2. In this closed traverse there are 9 measured angles and 9 side lengths. The observed angles and sides of the traverse loop together with computed accuracy using Calson2011 software are presented in table 1.
Computation and adjustment of observations
By using least square theory, method of condition equation the traverse loop traverse was adjusted as follows: The number of total observations (n) = 11 angles + 11 distances Total number of observation = 22. The number of conditions (r) = 3 and these include:
Angular misclosure condition:
2. Sum of the departures is equal to zero:
(1-2)
Where D i -the length of traverse side, θ i -bearing of traverse side 3. Sum of the latitude is equal to zero:
Hence, the number of necessary observations:
The first step in solving traverse using conditional least square is finding the adjusted values of observations (9 interior angles and 9 lengths) and its accuracy. Secondly, from these values and accuracies, the adjusted coordinates of the traverse stations (eight occupied points) and its accuracy can be determined depending on the geometry of the traverse figure. All of these steps were carried out using Carlson2011 program. The adjusted coordinates of the traverse stations are presented in table 1. 
Determination of accuracy standard
Traversing and level network were computed and subjected to a rigorous least square adjustment. The linear, angular and level accuracy standards are presented below. 
Subsidence measurement
Precise leveling method is commonly used to determine the elevation of monitoring points on the oil tank surface from other known control points _Bench Marks (B.M) -around the tanks. It is important to conduct an In-Situ check with Precise leveling instrument to establish the integrity of the Bench mark whose elevation has been determine previously or during control extension Leveling from the control points to the monitoring points (studs) were carried out in the mornings and evening hours of the day. This is to allow for the elimination of midday heat effects of the sun which is likely to cause uneven expansion of the tanks. Using the established geodetic control points, repeated levels and other measurements were carried out in several cycles at different times for the tanks.
The level and accuracy and least squares solution is presented below.
Mathematical model of Tank volume and distortion
From coordinates of several points (more than three points) on the circumference of circular section, the radius of the tank r and coordinates of center (X C , Y C ) can be determined using least square method as follows: www.gjournals.org 22 ( 1-7) Approximate value of radius r 0 can be obtained from tank manual or by using three points on the perimeter of tank to estimate it.
The matrices can be formed by the following methods:
( 1-8) ( 1-9) (1-10)
In this model the weight matrix W will have the dimension (m, m) or in other words has dimensions (2n, 2n) and has the form: The Oil volume in m 3 is give as:
where V is the Oil volume, r is the derived radius, H is Oil level Then, of least squares solution is performed to find the corrected values of radius, coordinates of center, their accuracies and the distortion of the tank shell.
RESULTS AND DISCUSSIONS
By using the presented technique of calculating radius and coordinates of circular section center, the values of radii and coordinates of center point and distortions of reservoir №2 at Forcados Terminal were determined at three oil levels from three epochs of observations using MATLAB program. The results are presented in tables 3 and 4 below. The tables above are the results of the diameter of the tank and it accuracy, coordinates of the Centre, and the actual volume of oil in the tank at different oil level and at three epochs of observations. When the oil volume was at 3m for the three epochs, the following was deduced. In 2003, diameter was 76.418m, oil volume was 118693.9bbl, and distortion was maximum at stud16 with a value of 317.87mm and minimum distortion at stud8 with a value of -361.47mm. In 2004, diameter was 76.422m, oil volume was found to be 118749.8bbl, and distortion was maximum at stud16 with value of 329.29mm and minimum at stud9 with a value of -405.19mm. In 2008, the reservoir diameter was found to be 76.438m while the crude oil volume was found to be 118737.4bbl; distortion was maximum at stud16 with value of 371.18mm and minimum at stud8 with a value of -323.75mm
Tables 3: Determination of radius of tanks and coordinates of their center
The diameter was computed from the radius and compared with the nominal diameter at 3m oil level. For 2003 epoch, there is an expansion of 0.218m, in 2004 the expansion was found to be 0.220m and for 2008 the expansion was found to be 0.238m. From the above result, i.e. the determined diameter, actual oil volume and coordinates of center of tank no. 2, it can be seen that there are clear difference in these values between each epoch of observations. This we mean that there has been deformation in the wall of the tank since after their construction as presented in figure 1 below.
Figure 1: Reservoir wall distortion
Norminal diameter of the Reservoir 76,2 м Average Reservoir diameter for the three epochs of observations Deformation shape of the Reservoir. www.gjournals.org 25
CONCLUSION
Monitoring of tanks and tank walls help in identifying and quantifying deteriorations which may lead to tank failure and early warning. The history of tank disaster throughout the world reveals that problems often arise undetected due to inaccurate evaluation of the tank defects. For an effective tank monitoring programme, the equipment used for the monitoring must be precise and of the highest quality. The monitoring personnel must be experienced not only in data capture but also in the analysis of the acquired data. The period of observation should be yearly and consistent throughout the life of the tank.
Further studies should be carried out on the tank to ascertain the character of the tank over the years. The use of the mathematical model and associated designed MATLAB program to determine the radius and coordinates of center of circular oil tanks from geodetic data, especially during the process of monitoring the structural deformation, was found to be very correct and economical. The period of observation should be every year and consistent throughout the life of the tank. The results obtained in this study may however be acceptable to the structural Engineer depending on the tank specifications and its properties at the design stage.
